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Several species of herbivores have been recorded as cotton
pests of greater or lesser importance depending on the region.
The mealybugs (Hemiptera, Pseudococcidae) are outstanding
for causing loss of yield of cotton crops in several countries
(Fuchs et al. 1991; Muralidharan & Badaya 2000; Dhawan et
al. 2007; Hodgson et al. 2008; Wang et al. 2009), including
Brazil (Bastos et al. 2007). Mealybugs feed by sucking the
plant sap and causing leaf senescence and premature leaf fall,
as well as reduced growth and even plant death (Culik & Gullan
2005). Mealybugs can also cause indirect damage because they
can vector plant pathogens such as viruses (Culik & Gullan
2005) and secrete honeydew on the leaves and the open lint,
which can seriously endanger the cotton yield. In addition, the
honeydew favors the development of black sooty mold fun-
gus, which affects plant development and results in stick lint,
causing problems in the spinning process at the textile mills
(Hendrix et al. 2001). The mealybugs are considered major
pests of cotton in Pakistan and India, with three main species
recorded: Phenacoccus solenopis Tinsley, 1898, Ferrisia
virgata (Cockerell, 1893), and Maconellicoccus hirsutus
(Green, 1908) (Dhawan et al. 2007). These mealybugs spe-
cies exhibit close morphological traits and, therefore, are hard
to identify at species level. However, morphological charac-
teristics can be of practical use to separate them, as described
in Williams & Granara de Willink (1992) and Miller (1999).
Briefly, the striped mealybug, F. virgata, has a grayish body,
with two uneven lines of dark spots on the dorsum (seen when
the wax cover is taken out), two caudal wax filaments nearly
at one-half of their body length and many long crystalline rods
in adult females. The cotton mealybug, P. solenopsis, has de-
pressions on the wax layer covering the body, allowing visuali-
zation of pairs of dark spots in the dorsum, and many short
lateral wax filaments and caudal filaments at one-quarter of
their body length. The pink hibiscus mealybug, M. hirsutus,
exhibits a fine layer of wax, revealing a pink body due to the
reddish hemolymph, and also it has one pair of short caudal
filament, the lateral filaments being absent or rarely one or
two present.
In Brazil, all these three mealybug species have been re-
corded in cotton and in other plants (Bastos et al. 2007; Silva-
Torres et al. 2013; Culik et al. 2013). Recently, infestations
of striped mealybug were found in cotton plants in the semi-
arid region of Pernambuco. This was the first record of F.
virgata on cotton in Brazil (Torres et al. 2011). The striped
mealybug has also been recorded in the state of Espírito Santo
(Williams & Granara de Willink 1992) as well as M. hirsutus
(Culik et al. 2013). Thus, bioecological studies are needed to
develop integrated pest management strategies for F. virgata
on cotton.
For acceptance of the host plant by an insect herbivore, I)
there must be insect attraction and establishment on the host
plant; II) the insect needs to start and remain feeding on the
plant and/or egg laying; and III) the insect and its progeny
must complete development on the plant (Schoonhoven et
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al. 2005). The morphological and chemical plant character-
istics also influence the degree of association between the
herbivore and its host plant. The presence of leaf trichomes,
leaf texture variations, as well as the presence and the quan-
tity of glands, such as the gossypol glands in the cotton plant,
may or may not favor the establishment, development, and
reproduction of insect herbivores (Painter 1958). Therefore,
finding cotton cultivars that may be less negatively affected
by F. virgata may help decide the most suitable cultivar for
planting. This control method, which uses cultivars with lower
susceptibility to F. virgata, helps pest management, especially
in semi-arid region of Pernambuco, where the cotton culti-
vation is done by small producers who use low chemical in-
puts.
In this context, this study evaluated the establishment,
population growth, and within-plant distribution of F. virgata
on four cotton cultivars recommended for the semi-arid re-
gion of Brazil.
MATERIAL AND METHODS
Experiments were conducted in the Universidade Fed-
eral Rural de Pernambuco (UFRPE) in greenhouses (6 m
length × 2 m width × 2 m height) laterally closed with anti-
aphid screen and covered with agricultural plastic. During
the experiments, environmental conditions were monitored
with DataLogger Hobo® at intervals of 30 min, registering
an average temperature of 28.8°C (min = 20.9°C, max =
48.4°C), 54% RH, and natural photoperiod of 12:12 h (L:D).
Cotton plants of the cultivars CNPA 7H (white fibers),
BRS Verde, BRS Rubi, and BRS Safira (colored fibers) were
grown in 5-L plastic pots. A mixture of soil and humus (2:1)
was used for planting, in which 5 g of N:P:K fertilizer (04-
14-08) was added per pot. In addition, 15 and 25 days after
plant emergence, 40 ml of ammonium sulfate solution (10 g/
L) (Fertine, Fertilizantes do Nordeste Ltda, Recife, PE) was
added per pot.
Population growth of F. virgata on cotton. Cotton plants
of the four cultivars (aged 40 days) were infested with 100
first-instar nymphs of F. virgata (crawlers). Nymphs were
obtained from the laboratory stock colony maintained on
pumpkin [Cucurbita moschata (Duch.) Duch. Ex Poir] vari-
ety Jacarezinho. Thus, leaf discs (4.8-cm diameter) were cut
from cotton plants of the corresponding cultivar (CNPA 7H,
BRS Verde, BRS Rubi, and BRS Safira) and placed for about
15 min on pumpkins infested with F. virgata to promote the
infestation of leaf discs with newly hatched nymphs. Accord-
ing to Silva-Torres et al. (2013), crawlers of F. virgata ac-
tively search for a suitable site to establish themselves on the
host plant. This behavior facilitates the grouping of nymphs
on leaf discs to further carry out the infestation of cotton
plants in the greenhouse. Next, the number of nymphs in
each leaf disk was determined using a stereomicroscope
(OPTON–NTB 3A). After counting the infested leaf discs,
they were individually placed over the first-top expanded leaf
of each cotton plant. Leaf discs were attached to the cotton
plant using a metal paper clip. To prevent ants and other op-
portunistic arthropods climbing on the plants, entomologi-
cal glue (BioStop Cola®) was applied to the base of the main
stem of each plant.
The experiment was conducted in a completely random-
ized design with four treatments, represented by the four
cotton cultivars and 18 plants per cultivar. From those, 13
plants per cultivar were evaluated after 25 days of infesta-
tion, and the remaining five plants per cultivar were evalu-
ated after 50 days of infestation, because the sampling
procedures were destructive. The number of females (indi-
viduals with reproductive capacity) was evaluated after 25
days of infestation (n = 13), and the total number of mealy-
bugs (nymphs and adults) were evaluated after 50 days of
infestation (n = 5). To count the number of insects, the plants
were collected, packed in plastic bags, and carried to the labo-
ratory for complete inspection with the help of a stereomi-
croscope. The establishment rate of nymphs was evaluated
after 25 days of infestation. It was calculated by the ratio of
the number of females present on the plants and the number
of nymphs initially released per plant. In addition, the off-
spring number was counted 50 days after plant infestation.
For this, seven plants of each cultivar were previously ran-
domly selected and received adult females (aged 20 days).
Two adult females were transferred (with the help of a soft
paint brush) from the initial infested leaf to two others clean
leaves located in the middle part of the same plant to confine
one female per leaf. The leaf petiole received entomological
glue to confine and monitor the females. Therefore, each
replication consisted of the average number of descendants
produced by two females per plant; hence, a total of 14 fe-
males were evaluated. Females were monitored daily to record
the beginning of reproduction, which was characterized by
the presence of ovisacs and first-instar nymphs around the
female body. Moreover, the eggs were not observed because
nymphs hatch within 4 h (Rawat & Modi 1969; Awadallah et
al. 1979). Thus, the presence of first-instar nymphs defines
the end of the pre-oviposition period of F. virgata. In addi-
tion, the survival of foundress females aged up to 50 days
was determined. Finally, when foundress females reached the
age of 50 days, their leaves were cut and dispatched to the
laboratory, where the number of offspring was determined.
From the results of the number of offspring at 50 days,
the instantaneous rate of population growth of F. virgata was







)/t, where, Nf is the final number
of individuals; N
0 
is the number of nymphs released by plant;
and t is the time from infestation to evaluation (25 and 50
days, respectively).
The establishment rate, the average number of mealybugs
after 50 days of infestation, and the development time and
pre-reproductive period of females on cotton plants of the
four cultivars were submitted to analysis of variance through
PROC ANOVA of SAS, followed by Tukey’s HSD test (P =
0.05) for mean comparisons (SAS Institute 2001). Survival
curves were determined for mealybugs reared on each cot-
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ton cultivar using the Kaplan–Meier method, and the curves
were compared using the Wilcoxon test (P = 0.05) by the
PROC LIFETEST of SAS (SAS Institute 2001).
Distribution of F. virgata within cotton plants. Differ-
ent cotton cultivars aged 40 days were infested as previously
described. After 25 days of plant infestation (age 65 days),
the number of females on the infestation leaf, other leaves,
the main and lateral stems, and the squares was quantified.
After 50 days of infestation, the number of mealybugs present
on the leaves, the main and lateral stems, as well as on the
reproductive structures was counted.
Twelve cotton plants of each cultivar were infested with
mealybugs to evaluate the vertical distribution of F. virgata
on plants. The infestation followed two procedures: six plants
received mealybugs on the first-top expanded leaf and the
other six plants received mealybugs on the penultimate leaf
in the basal plant stratum. After 50 days of infestation (90-
day-old plants), the total number of mealybugs was quanti-
fied in the upper, middle, and lower plant strata, covering all
plant structures such as leaves, stems, squares, and bolls. The
vertical distribution of mealybugs found on plants – on the
lower, middle, and upper strata – was based on the number
of nodes per plant divided by three.
Data on the number of insects on plant structures or strata
were transformed to proportion as a function of the total
number of insects found and compared between structures
or strata using the chi-square test (P = 0.05) through the PROC
FREQ of SAS (SAS Institute 2001).
RESULTS
Population growth of F. virgata on different cotton
cultivars. After 25 days of plant infestation with 100 mealy-
bug crawlers, the average number of established mealybugs
ranged from 12.8 ± 1.96 to 21.6 ± 4.28 females per plant
without difference among cotton cultivars (F
d.f. = 3, 48 
= 1.57, P
= 0.2075). Similarly, there was no difference in the average
number of individuals per plant after 50 days of infestation
of cotton cultivars (F
 d.f. = 3, 20 
= 0.33, P = 0.8013). The average
number of mealybugs per plant after one generation ranged
from 6702.8 ± 1757.83 to 8806.8 ± 1897.23 individuals, ir-
respective of the cotton cultivar.
The population growth of F. virgata was positive in the
four cultivars (Rubi, r
i 
= 0.08 ± 0.004; BRS Safira, r
i 
= 0.07 ±
0.007; BRS Verde r
i 
= 0.08 ± 0.005, and CNPA 7H r
i 
= 0.08 ±
0.002). Therefore, the average growth was estimated as be-
ing >75 times (7697.2/100 neonates) the initial infestation
of 100 nymphs. Moreover, considering only the individuals
who were found/established 25 days after infestation (aver-
age of 18.7), the population growth was 411.6 times in a
single generation (average of 7697.2/18.7).
Females of F. virgata showed similar development and
pre-reproductive periods when reared on the four cotton cul-
tivars (F
d.f. = 3, 60 
= 1.42, P = 0.2449), as well as the average
number of offspring per female (F
d.f. = 3, 48 
= 1.32, P = 0.2761).
On average, F. virgata reproduction started at 32.0 ± 0.39
days (31.65 ± 0.37–32.75 ± 0.55) after emergence and pro-
duced 376.0 ± 24.45 (317.4–438.9) descendants/female. On
the other hand, the average survival of females 50 days after
initial plant infestation was superior when nymphs developed
on the cultivars BRS Safira and BRS Verde (49.7 ± 0.25 and
48.1 ± 0.75 days, respectively) as compared to the cultivars
BRS Rubi and CNPA 7H (46.8 ± 0.8 and 45.9 ± 0.4 days,
respectively) (2 = 19.92; P = 0.0002, D.F. = 3).
Distribution of F. virgata within cotton plants. After 25
days of infestation, F. virgata was found in all plant struc-
tures (leaves, stems, and squares). However, there was a sig-
nificant difference in the melaybug distribution among plant
structures (2 = 78.40, P < 0.0001, D.F. = 4) (Fig. 1). The
highest number of nymphs was found on the leaf of initial
infestation with mealybug crawlers (78.8%). On other parts
of the plant, the frequency of mealybugs found was relatively
low, with 9.3% of nymphs observed on the main stem, 6.5%
on the leaves, 3.5% on the lateral stems, and 1.94% on the
squares; there was no significant difference among them (2 =
2.95, P = 0.3987, D.F. = 3).
In contrast, 50 days after infestation, the number of mea-
lybugs found on plant structures showed a partial difference
(5% <  < 10% probability), with the highest number of in-
sects found on the leaves (42.8%), followed by the main stem
(20.0%), the lateral stems (18.6%), and the bolls (18.5%)
(2 = 7.37, P = 0.0607, D.F. = 4) (Fig. 1).
The vertical distribution of F. virgata population on cot-
ton plants 50 days after infestation was variable among the
three plant strata. Even with infestation occurring in the up-
per stratum of the plant, mealybugs were mostly found in the
lower stratum (2 = 6.22, P = 0.044, D.F. = 2), followed by
the middle stratum and the upper stratum, although there was
no difference in the values for the upper and middle strata
(Fig. 2). When the infestation occurred in the lower stratum,
the highest frequency of mealybugs was also found in this
stratum (2 = 12.07; P = 0.0024; D.F. = 2) (Fig. 2).
DISCUSSION
The number of mealybugs found 25 and 50 days after infes-
tation was similar among cultivars, suggesting that the four cot-
ton cultivars have similar susceptibility to Ferrisia virgata.
According to Normark and Johnson (2011), F. virgata is con-
sidered a polyphagous species that feeds on 20 or more families
of vascular plants. Therefore, it is possible that F. virgata has
mechanisms to tolerate or overcome defensive traits of various
plants. Probably, the morphophysiological variations between
cotton cultivars studied, such as the presence of leaf trichomes
(Breda 2011), were not sufficient to cause changes in F. virgata
development. Similar results were also found by Fernandes et
al. (2001) in their study on the population growth of the cotton
aphid Aphis gossyppii Glover, 1877 (Hemiptera, Aphididae) in
different cotton cultivars. In addition, there was a similar popu-
lation density across studied cultivars at 15, 30, and 45 days
after infestation. According to them, the morphological varia-
tions among cultivars, such as leaf size, texture, presence of
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trichomes, and plant growth rate, probably did not influence the
development of aphids, as observed here for F. virgata.
Mealybugs were found on all plant structures 25 days after
infestation, but, the highest numbers were found on the leaf
where crawler nymphs were released, suggesting that, initially,
the crawlers settle down to feed in the first suitable place within
the host plant, even if the chosen site/structure is not consid-
ered the best protected place against the attack of natural en-
emies. Similarly, widespread infestation was observed for the
species P. solenopsis (Aheer et al. 2009), Planococcus minor
(Maskell, 1897) (Hemiptera, Pseudococcidae) (Bastos et al.
2007), and M. hirsutum (Muralidharan & Badaya 2000) on
cotton plants. In the time interval of 25 days, an irregular dis-
tribution of mealybugs was observed within the plant, and the
highest density was found on the leaves. In another study,
McLeod et al. (2002) evaluated the distribution of the mealy-
bugs Dysmicoccus sp. on banana plants (Musa paradisiaca),
and reported presence of 85% of mealybugs on the pseudostem.
In our study, it is possible that the predominant establish-
ment of mealybugs occurred on the leaves of the cotton plants
because of the low dispersal activity of mealybugs and by
the suitable conditions found on the leaves. Crawlers can also
disperse passively by the wind and water, as well as by agri-
culture tools, to reach higher distances not only between plants
but also between fields (Silva-Torres et al. 2013). In this study,
it was observed that, immediately after leaf infestation, craw-
lers settled down on this same structure. Nymphs established
on the same place where they were released or few inches
away from it. Besides the low self-dispersing capacity, which
could have helped F. virgata establish on the leaves of infes-
tation, leaf tenderness could also have affected nymphs es-
tablishment, as the tenderness facilitates penetration of the
mouthparts, which is difficult on hard plant structures such
as stems and bolls. Wardhaugh et al. (2006) found that the
diameter and thickness of plant structures may influence the
establishment of mealybugs. They verified higher densities
Fig. 1. (A) Distribution of female Ferrisia virgata in different parts of cotton plant 25 days after infestation of crawlers on four cultivars. (B) Distribu-
tion of nymphs and of adults 50 days after infestation. Clustered results for cultivars due to the lack of effect of cultivars on distribution. *Indicates
difference among parts of the plant through the chi-square test for the hypothesis of equal distribution (A: 2 = 78.40, P < 0.0001, D.F. = 4; B: 2 = 7.37,
P = 0.0607, D.F. = 3). Leaf of infestation (LF-INF), main stem (MS), lateral stem (LS), leaves (LV), square (SQ), and boll (BL).
Fig. 2. Averages of the vertical distribution of Ferrisia virgata obtained on four cotton cultivars 50 days after infestation of crawlers in upper (A) and
lower (B) strata of the plants. Bars under different letters indicate the differences through the chi-square test at 5% probability (A: Three strata; 2 =
6.22, P = 0.044, D.F. = 2; upper versus middle, 2 = 0.65; P = 0.4168, D.F. = 1; middle versus lower, 2 = 2.69, P = 0.1009, D.F. = 1; upper versus lower,
2 = 6.0, P = 0.0143, D.F. = 1); (B: three strata, 2 = 12.07, P = 0.0024, D.F. = 2; upper versus middle, 2 = 4.99, P = 0.0254, D.F. = 1; middle versus lower,
2 = 1.49, P = 0.2213, D.F. = 1; upper versus lower, 2 = 11.86, P = 0.0006, D.F. = 1).
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of Ultracoelostoma assimile (Maskell, 1890) (Hemipera,
Margarodidae) on branches than on the trunks of the tree
Nothofagus fusca (Nothofagaceae). Branches had smaller
diameter and bark thickness, which are crucial for coloniza-
tion, because mealybugs prefer to settle on plant structures
such that the phloem cells are located closer to the surface.
This could also explain our results, since lower mealybug
density was found on stems in comparison to the cotton
leaves. Understanding the short-range dispersal of mealy-
bugs within or between neighbor plants is as important as
long-range dispersal, because it is essential to predict the
course of infestation in the field and to define management
strategies (Rabkin & Lejeune 1954; Loxdale et al. 1993;
Barrass et al. 1994). The dispersal of Pseudococcus maritimus
(Ehrhorn, 1900) (Hemiptera, Pseudococcidae) on grapevines
reported by Grasswitz and James (2008) was similar to that
of F. virgata on cotton.
Fifty days after infestation, the females reproduced and
their offspring were found throughout the plant. Probably,
the high density of F. virgata on the leaves, especially after
reproduction, stimulated the within-plant displacement of
crawlers to places with less competition for resource or space.
Furthermore, it is possible that crawlers searched for younger
plant structures, because the infested leaves, where
foundresses developed were either senescent (approximately
30-day-old) or injured by mealybug feeding.
Highest densities of mealybugs were observed in the
middle and lower strata 50 days after infestation. This result
may have been determined by the dispersion behavior of F.
virgata and by the plant growth. Possibly, the nymphs quickly
settled at sites with leaf infestation, as explained earlier. In
addition, when infestation occurred on the upper or lower
strata, the distribution of F. virgata was possibly determined
by the plant growth because of the following: 1) when the
infestation occurred in the upper stratum, due to the plant
growth during 50 days, the upper stratum became the middle
or the lower stratum. Approximately 32 days after infesta-
tion, mealybugs started to reproduce and crawlers dispersed
throughout the plant, inducing the presence of F. virgata on
those strata (Oliveira et al. 2014); 2) when the infestation
occurred in the lower stratum, even with the plant growth
during the period of 50 days, the infestation stratum remained
the same. This occurred because new nodes are produced in
the apical part of the plant, and, after plant growth, these
nodes previously grouped in the middle stratum, were
grouped in the lower stratum. After reproduction, it is pos-
sible that crawlers moved to the middle stratum due to their
negative geotropic behavior (Gullan & Kosztarab 1997).
Similar results were found by Silva-Torres et al. (2013), who
verified under field conditions observed the highest fre-
quency of mealybugs in the middle and lower strata of cot-
ton plants after 60 days of artificial infestation (cv. BRS Rubi)
with crawler nymphs of F. virgata. When McLeod et al.
(2002) studied the vertical distribution of mealybugs on ba-
nana plants, they also found highest densities of mealybugs
in the middle stratum of the pseudostem. However, for aphids
and mites, which are arthropods that have a higher mobility
than mealybugs, highest population densities were found in
the upper and middle strata of cotton plants after 50 days
of infestation (Carey 1982; Fernandes et al. 2001). These
arthropods move to the top of the plant to search for younger
structures with best nutritional quality and use air currents
for dispersal. Different from insects with higher mobility that
take advantage of this characteristic to optimize their dis-
persal, F. virgata nymphs move only to find a suitable site
for their development.
In this study, F. virgata showed a high reproductive po-
tential in cotton plant in one single generation. This high
population growth caused deformation and death of many
plants at the end of the experiment after 50 days of infesta-
tion and after 90 days of plant emergence, seriously compro-
mising the yield, although the plants were cultivated under
suitable conditions of soil moisture and fertilization. Accord-
ing to our results, F. virgata can be considered as a new threat
to cotton in Brazil. However, field studies are needed to evalu-
ate the potential of F. virgata in causing cotton yield reduc-
tion when interacting with other biotic and abiotic factors.
Our results also suggest the possibility of significant losses
caused by high infestations of F. virgata on cotton fields in
the northeast semi-arid of Brazil. Furthermore, the present
study recorded the highest densities of F. virgata on the leaves
of 65-day-old plants and in the lower and middle strata of
90-day-old plants. This indicates that the mealybug distribu-
tion on the plant can be correlated with the site of infesta-
tion, suitability of the plant structure, and plant age. This
study helped us understand the dispersal behavior of F. virgata
within the cotton plant. It also indicates the sites where the
mealybugs can be found on the cotton plant and helps esti-
mate the infestation level.
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